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Advantages

• A beer can electron distribution results in a linear beam-

beam force on the protons. There is only a beam-beam

tune shift, but no tune spread.

→ No beam-beam limit!

• The beam-beam interaction does not cause long, pop-

ulated transverse tails that need to be captured and

decelerated.



Disadvantages



TEVATRON electron lens

V. Shiltsev et al., HALO ’03



Mismatched beams in HERA

M. Bieler et al., Beam-beam Workshop 1999



Mismatched beams in SPS

K. Cornelis, Beam-beam Workshop 1999



Simulations

• beer can edge at 2σp

• ∆x′ ∝

{

r, r < 2σp

1/r, r > 2σp

• ξ = 0.01 (for Gaussian and beer can)

• 1000 particles, 3 · 106 turns



Beam-beam kick for Gaussian and beer can
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Emittance evolution
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Emittance evolution
Reduced beer can intensity (→ tune shift)
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A simple explanation
– may be totally wrong

Gaussian kick:

∆r′ ∝
1

r
·

[

1 − exp

(

−
r2

2σ2
r

)]

=
∞
∑

k=1

(

−
r2

2σ2
r

)k

k!

= quadrupole + octupole + . . .

Higher order multipoles vanish quickly

Beer can kick:

Approximating the sharp edge of the beer can kick requires

strong multipoles of high order, which drive closely spaced

high-order nonlinear resonances



Summary

• Beer can has overwhelming advantages due to its purely

linear force on the proton beam.

• However, the edges of such a distribution act as a “col-

limator”.

• To avoid detrimental effects, edges have to be far away

from the proton beam core (beyond 3-4 σp).

• This requires a much larger electron beam intensity

that does not result in increased luminosity (most elec-

trons interact with low-density proton beam tails).


